ABSTRACT
Introduction

24
Radiolabelled aerosols are widely used to study airborne particle deposition patterns 25 in the lung as well as lung clearance (Möller et al., 2006; Sanchez-Crespo et al., 26 2011; Carvalho et al., 2011) . Among all the radiolabelled aerosols clinically used in 27 patients, one of the most convenient is the "Technegas technique" widely used to 28 perform lung ventilation scintigraphy as a diagnostic technique in nuclear medicine.
29
The aerosol produced is commonly known as Technegas, an ultrafine suspension of sodium pertechnetate is loaded into a graphite crucible and evaporated until dry.
33
Technegas is then generated by heating to 2550 °C in an atmosphere of pure argon.
34
The number size distribution of Technegas particles is mainly below 100 nm (Vita
35
Medical Ltd., 2000). Since more than 2 decades, this radioactive aerosol is regularly 36 used as a ventilation scintigraphy agent, and the device is approved for human 37 application without any toxicological issues (Jögi et al., 2010 , Senden et al., 1997 38 Lloyd et al., 1995; Burch et al., 1986) . Due to the short half-life of 99m Tc (6.02 h), the 39 radiation dose can be kept low (< 0.1 mSv) even though the resulting high activities 40 allow high quality gamma-camera imaging in nuclear medicine.
41
Under standard operating conditions, the Technegas generator produces airborne 42 particles with leaching rates >10% which are too high for clearance studies. Since
43
NaCl contained in the 99m Tc-eluate also evaporates and condenses during the GaCl 3 (Borges et al., 2011) instead of 99m Tc to 49 extend the investigation time of clearance studies from 1 day to a few weeks.
50
Although it is generally accepted that the Technegas generator produces a 51 smaller particle size than other conventional radiolabelled aerosols, few data are 52 available about its particle size characteristics. To the best of our knowledge no data 53 have yet been reported on the relationship between radioactivity aerodynamic 54 diameter (AMAD) although this parameter is crucial to assess deposition patterns.
55
Even the median diameter remains poorly defined in the range from about 200 to 400 56 nm (Borges et al. 2011 , Lemb et al., 1993 Strong and Agnew, 1989; Möller et al., 57 2006 
Particle size distributions
135
Aerosol size distributions were determined using the ELPI low pressure impactor.
136
The ELPI classifies by aerodynamic diameter, in 12 size fractions ranging from 10 137 µm to 7 nm (Virtanen et al., 2001; Marjamäki et al., 2000) . on each ELPI stage. According to Figure 5 , particle radiolabelling is most efficient in 201 the nanometer range and than decreases continuously with aerodynamic diameter.
202
The electric charge level of the freshly generated airborne Technegas particles We now show that the modified operating conditions significantly influence the 219 particle size distribution ( Figure 6 ). Results are also summarized as mean of AMAD and GSD in on the aerosol AMAD.
227
The burn temperature of the crucible, and the aerosol residence time in the 228 expansion chamber, appear to be the main parameters affecting aerosol generation. Tc-eluate, by comparison with the NaCl concentration of 9 g/L for NaCl Tc eluate.
257
Results further prove that an initially NaCl-free eluate did not significantly modify the 
Discussion
261
In the present study, based on a methodology combining radioactivity (Figure 4 ). This original data demonstrates that particle radiolabelling is 276 mostly proportional to their active surface area, rather than particle number or mass.
277
In other words, the quantity of technetium atoms fixed on the carbonaceous particles 278 is mainly dependent to their active surface area.
279
Further, the Technegas MMAD (820, GSD of 2.7) was found to be almost 20 Technegas MMAD, which can be explained by the fact that its nanoparticles,
284
although insignificant in mass, have a considerable radioactivity. The radiolabelling efficiency of Technegas particles, expressed by means of activity-to-mass ratio, also 286 indicates that particle radiolabelling was more efficient on the nanometric scale 287 ( Figure 5 ). This result highlights the role played by particle surface area during 288 radiolabelling. In this sense, the higher active surface area to volume ratio of 289 nanoparticles (compared to micrometric particles) can easily explain the continuous 290 decrease of radioactivity to mass ratio with the increase of aerodynamic diameter.
291
The remarkable radiolabelling efficiency of nanoparticles can also be explained by 292 their mode of production. In previous work, Senden et al. (1997) observed that the 293 radioactivity only leaves the crucible at the melting point for technetium (2250 ± 294 50°C), which probably indicates that there is a passive mechanism of particle ejection followed by 2800°C to reduce the AMAD (Figure 9 ).
324
Finally, we demonstrate that the absence of sodium chloride in the initial 325 pertechnetate eluate does not significantly modify the particle size distribution (AMAD 326 of 200 nm) compared to usual NaCl pertechnetate eluate (Figure 9 ). This result 327 suggests that NaCl crystals generated using NaCl Tc-eluate are poorly radiolabelled 328 compared to carbonaceous nanoparticles. Previous studies (Moller et al., 2006 , 329 Wiebert et al., 2006a , 2006b ) demonstrated that the removal of NaCl from 99m Tc-330 sodium pertechnetate also yielded low leaching rates of radiolabel from particles of 331 below 4% within 24h, and also guaranteed non-hygroscopic aerosol properties. The 332 removal of NaCl from the Tc-eluate therefore seems to have several advantages.
Conclusion
335
The particle size distribution of the Technegas generator has been characterized 336 from combined measurements of radioactivity (using a gamma camera) and 337 aerodynamic sizing (using ELPI). Under standard clinical operating conditions,
338
Technegas shows a radioactivity median aerodynamic diameter (AMAD) of 450 nm
339
(GSD of 3.4). (bottom).FIGURE 5. Radiolabelling efficiency expressed as radioactivity per mass of 461 particle.
462
FIGURE 5. Radiolabelling efficiency expressed as activity per particle mass. 
